SUMMARY
cardiac function such as ejection fraction and left ventricular mass.4 6 The application of this technique to the single-plane cineangiogram7' 8 1 .
Because of scatter in the primary volume data, some type of curve smoothing of the volume-time curve is necessary before differentiation is possible. Of three curve-smoothing techniques investigated in our laboratory (polynomial approximation, frequency-domain design, and time-domain design), the first was selected because the others resulted in phase shift.9"10 Instantaneous left ventricular dV/dt determined for each point of the volume curve is plotted against time in the lower half of figure 1 . Abbreviations: n = number of pairs of data points compared; r = simple linear correlation coefficient; 
Patient Population
One hundred thirteen consecutive patients undergoing cardiac catheterization at two laboratories (USPHS Hospital, Baltimore, and VA Hospital, Denver) and who had technically adequate cardiac cineangiography for left ventricular volume measurement form the basis for this report. The ages ranged from 18-69 years with a mean of 46. There were 103 males and ten females.
The patients were divided into six major diagnostic categories depending on the predominant cardiovascular lesion identified at cardiac catheterization. There were 29 patients (mean age 35) who had normal left ventricular function based on clinical and catheterization findings. Sixteen of these were normal cardiovascular subjects who had volunteered for right heart and aortic catheterization as part of a study evaluating an electromagnetic catheter-tip velocity probe. In these patients cardiac angiography was performed by injection into the pulmonary artery. The remaining 13 had left and right heart catheterizations because of a systolic murmur (7) , atypical chest pain (2), mild pulmonic stenosis (2), unexplained cardiomegaly (1), and a questionable diastolic murmur of mitral stenosis (1) tStatistically different from normal (P < 0.01). Abbreviations: EDV = end-diastolic volume; SV = total left ventricular stroke volume; SD = one standard deviation; S dV/dt = peak systolic ejection rate; S dV/dt/EDV = peak systolic ejection rate divided by end-diastolic volume; VCF = peak circumferential fiber shortening rate; CAD = coronary artery disease. t27 patients. §18 patients. The patients with IHSS demonstrate an interesting and probably characteristic abnormality in the systolic ejection rate curve, i.e., rapid ejection early in systole (fig. 4) . The individual data for each of the three patients with this diagnosis are given in table 3. In two of the three, S dV/dt was greater than one standard deviation above the normal mean, and in all three S dV/dt/EDV was two standard deviations or more above the normal mean. S dV/dt was achieved significantly earlier than the normal mean of 167 45 msec in the two IHSS patients with the most significant outflow tract obstruction.
For the entire population S dV/ dt has no relationship to LVEDP (r = 0.09), cardiac index (r = 0.06), or arteriovenous oxygen difference (AA -V02) (r = 0.14). The correlation coefficient for ejection fraction is r = 0.21 (P < 0.05 where P is the probability of r = 0). The relationship between S dV/dt and ejection fraction for each of the patient groups is illustrated in figure 5 . The normal, mitral stenosis, and coronary artery disease groups show statistically significant correlations between S dV/dt and ejection fraction (r = 0.54, 0.61, and 0.51, respectively). In those patients with valvular regurgitation and the small group with cardiomyopathy, there was no significant relationship between S dV/dt and ejection fraction.
The correlation between stroke volume and S dV/dt is high (r = 0.88; P < 0.01) ( fig. 6 ) and The ejection fraction is plotted against S dV/dt for each of the 113 patients with each disease group identified. Correlation coefficients (r) and significance levels (P) are given for the total population and each of the disease groups.
holds for each of the diagnostic groups. The relationship between EDV and S dV/dt ( fig. 7) is somewhat less for the entire patient population, (r = 0.60) but still highly significant (P < 0.01). For the diagnostic groups, the correlation with EDV is statistically significant only for the normal and valvular regurgitation groups ( fig. 7) . S dV/ dt has a low correlation with VCF (r = 0.26, P < 0.01), and no significant correlation with heart rate (r 0.17 figure 8 ; a significant degree of correlation exists in all disease groups.
Discussion
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S dV/dt (cct/sc) Figure 6 Stroke volume (SV) is plotted against S dV/dt for each of the 113 patients with each disease group identified. Correlation coefficients (r) and significance levels (P) are given. (fig. 4) or prolongation of time from onset of ejection to S dV/dt. It should be noted that these time intervals cannot be measured with a precision greater than 17-33 msec (1-2 cine frames). However, errors of this nature should be random and cancelled by averaging a number of patients.
The explanation for the normal dV/dt curve in aortic stenosis is illustrated in figure 9 . In the top portion of the figure left ventricular (LV) and central aortic (Ao) pressure tracings from a case of severe aortic stenosis are reproduced. The instantaneous LV-aortic gradient and the square root of the gradient calculated for each hundredth of a second are plotted on the same time scale below. Flow across a stenotic orifice should be proportional to the square root of the gradient. configuration of the square root of gradient curve is virtually identical to the dV/dt curves of normal subjects and patients with aortic stenosis in figure 4 . The peak of the square root of gradient curve ( fig.  9 ) occurs 150 msec after the onset of systole. Measurement of instantaneous aortic blood flow at thoracotomy in patients with severe mitral regurgitation shows rapid early ejection into the aorta. 20 The dV/dt curve in mitral regurgitation does not peak early ( fig. 4) , but represents the summation of ejection into the aorta and left atrium. This is compatible with the conclusion of Elkins et al.20 that regurgitant flow across the mitral valve is greatest in late systole.
The pathophysiologic characteristics of IHSS are an early rapid ejection with obstruction to left ventricular outflow developing in mid and late systole. Our data are compatible with this concept in that there is an increase in S dV/dt (particularly when corrected for EDV) which peaks in early systole in two patients with the most significant obstruction (fig. 4, table 3 ). Hernandez et al. measured aortic flow in five patients with IHSS using the pressure gradient technique and demonstrated no increase in peak flow as compared to five control subjects, but did note a marked increase in the percent of flow in the first half of systole. ventricular volume calculations in patients with IHSS may be inaccurate, especially near end-systole because of the irregular outline of the chamber due to marked trabeculation and hypertrophied papillary muscles. However, the abnormalities described here are in early systole, when volume measurements are most likely to be accurate.
The data presented indicate that S dV/dt was not closely related to ventricular function, particularly in patients with valvular regurgitation. The ejection fraction was significantly depressed in all disease groups except patients with aortic stenosis; however, S dV/ dt was normal or increased in each of the disease groups (table 2). The correlation between S dV/dt and ejection fraction for the entire patient population was low (r = 0.21) (fig. 5) . However, in some of the groups without valvular regurgitation (normals, mitral stenosis, aortic stenosis and coronary disease) higher levels of correlation exist (r = 0.54, 0.61, 0.54, 0.51, respectively) suggesting that in the absence of valvular regurgitation, S dV/dt may be, in part, a function of left ventricular performance ( fig. 5) .
Total stroke volume appears to be the primary determinant of S dV/ dt (r =0.88; P> 0.01). This is not unexpected since the duration of ejection varied over only a narrow range (usually not more than ± 30%), while total stroke volume varied sevenfold. (The normal mean stroke volume was 95 cc; the range in all disease categories was 41-283 cc). Since the configuration of the systolic dV/dt curve is relatively unchanged (except in IHSS), an increase in total stroke volume must result in an increase in S dV/dt if duration of ejection remains relatively constant. A high correlation between total stroke volume and peak aortic flow, both measured with the pressure gradient technique, has been previously described. 19 Because S dV/dt in this group of 113 patients was primarily related to the volume characteristics of the left ventricle (SV and EDV), the poor correlation of S dV/dt with measures of ventricular function such as ejection fraction or LVEDP could be anticipated. Measures of ventricular performance and degree of volume overload of the left ventricle frequently vary independently. For example, ventricular or myocardial function as measured by the ejection fraction14 or contractile element velocity at maximum wall tension22 may be normal eve-n in the face of severe regurgitant lesions. S dV/dt/EDV is a better measure of ventricular function than S dV/dt, but probably not as reliable as the ejection fraction.
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